Intracellular RNAs of an avirulent small-plaque (SP) transmissible gastroenteritis virus variant and the parent virulent Miller strain of transmissible gastroenteritis virus were compared. Northern RNA blotting showed that the Miller strain contained eight intracellular RNA species. RNAs 1, 2(S), 5, 6(M), 7(N), and 8 were similar in size for both viruses; however, the SP variant lacked subgenomic RNAs 3 and 4. Instead, the SP virus contained an altered RNA species (A4) that was slightly smaller than RNA 4. Transmissible gastroenteritis virus (TGEV) belongs to the family Coronaviridae. The Coronaviridae are pleomorphic enveloped viruses that contain a large, positive-sense, single-stranded RNA genome (18). During coronavirus replication, a full-length negative-sense template RNA is first synthesized from the viral genome. This negative-strand RNA serves as a template for transcription of viral genomic and subgenomic RNAs. The subgenomic mRNAs are a nested set sharing common 3' poly(A)+ termini and extending for different lengths in the 5' direction (19). The 5' end of each subgenomic mRNA contains a short 60-to 72-nucleotide (nt) RNA leader sequence that primes transcription and is complementary to the 3' end of the negative-strand template RNA (12). This leader RNA-primed mechanism of transcription (11) has been extensively studied in two other coronaviruses, mouse hepatitis virus and infectious bronchitis virus. The leader RNA and the body sequences of each subgenomic mRNA are joined during transcription. The fully dissociated leader RNA binds to an intergenic recognition sequence and serves as a primer for the transcription of subgenomic mRNAs, and only the 5'-most open reading frame (ORF), which is not present in the smaller subgenomic mRNAs, is translated. However, a recent report suggested that negative-sense subgenomic RNAs also could serve as templates for the synthesis of TGEV subgenomic mRNAs (17) . Whether this occurs with mouse hepatitis virus is not clear, since apparently contradictory results have been obtained (13, 16).
Transmissible gastroenteritis virus (TGEV) belongs to the family Coronaviridae. The Coronaviridae are pleomorphic enveloped viruses that contain a large, positive-sense, single-stranded RNA genome (18) . During coronavirus replication, a full-length negative-sense template RNA is first synthesized from the viral genome. This negative-strand RNA serves as a template for transcription of viral genomic and subgenomic RNAs. The subgenomic mRNAs are a nested set sharing common 3' poly(A)+ termini and extending for different lengths in the 5' direction (19) . The 5' end of each subgenomic mRNA contains a short 60-to 72-nucleotide (nt) RNA leader sequence that primes transcription and is complementary to the 3' end of the negative-strand template RNA (12) . This leader RNA-primed mechanism of transcription (11) has been extensively studied in two other coronaviruses, mouse hepatitis virus and infectious bronchitis virus. The leader RNA and the body sequences of each subgenomic mRNA are joined during transcription. The fully dissociated leader RNA binds to an intergenic recognition sequence and serves as a primer for the transcription of subgenomic mRNAs, and only the 5'-most open reading frame (ORF), which is not present in the smaller subgenomic mRNAs, is translated. However, a recent report suggested that negative-sense subgenomic RNAs also could serve as templates for the synthesis of TGEV subgenomic mRNAs (17) . Whether this occurs with mouse hepatitis virus is not clear, since apparently contradictory results have been obtained (13, 16) .
At least 8 intracellular mRNAs are synthesized during a TGEV productive infection (17, 20) . Although each mRNA except mRNA 8 is polycistronic in coding capacity, apparently only the unique region of each mRNA is translationally active; thus, each mRNA gives rise to only a single polypeptide. The translation products from mRNAs are as follows: from the full-length mRNA, a polyprotein yielding one or * Corresponding author. two polymerases; from mRNA 2(S), the peplomer or spike protein (S); from mRNA 3, a 7.9-kilodalton protein; from mRNA 4, a 27.7-kilodalton protein; from mRNA 5, a 9.3-kilodalton protein; from mRNAs 6(M), 7(N), and 8, integral membrane, nucleocapsid, and 14-kilodalton polypeptides, respectively (Fig. 1) . Currently, it is not clear whether the full-length mRNA that encodes the polymerase gene(s) is identical to the genomic RNA that is encapsidated in the virion. In this paper, we have adopted the nomenclature for subgenomic RNAs suggested by the coronavirus study group in 1989. Thus, the previously identified mRNAs 4a and 4b of the Miller PP3 strain have been renamed mRNAs 3 and 4, respectively (20) .
TGEV causes a fatal diarrheal disease in piglets infected during the first few weeks of life. In a susceptible herd, the mortality rate of nursing piglets can approach 100%. One of the virulent TGEV isolates, the Miller strain, was shown to be consistently lethal when 103 PFU were administered to suckling pigs (21) . An attenuated, small-plaque (SP) mutant derived from the Miller strain caused a persistent infection in a porcine leukocyte cell line but was cytolytic for a swine testicular (ST) cell line, generating titers of about 106 PFU/ml (23 The persistently infected leukocyte cell line (22) RNA analysis. Northern blot and S1 nuclease protection analyses were carried out as previously described (4). RNA concentrations were determined spectrophotometrically. In all cases, equivalent amounts of RNA of each sample were used in the same experiment.
cDNA cloning and sequencing. cDNA was prepared from SP genomic RNA by using the oligonucleotide 5'-CATAG CACAATAGCG-3', which is complementary to the 5' end of the integral membrane M gene, as a specific primer and cloned into the EcoRI site of the pBluescript phagemid vector. Nucleotide sequencing was carried out using the dideoxy-chain termination method (15) on double-stranded plasmids (7) . Unidirectional deletions were constructed at either end of the cDNA insert by the exonuclease III-S1 nuclease method (8) . 5C ). For SP virus, RNAs 5, 6(M), and 7(N) were readily located; whereas RNAs 3 and 4 were no longer detectable. Instead, a 3.45-kilobase RNA species (A4) slightly smaller than RNA 4 became noticeable.
Viral RNA pattern during a productive infection. To further illustrate the genetic basis underlying the difference in RNA patterns between the PP3 and SP viruses, parallel ST-cell cultures were infected with each virus. At the indicated times p.i., total RNAs were isolated and examined by Northern blot analysis with nick-translated FG5 probe. Viral RNAs could be detected by 4 h p.i. in both the PP3 virusand SP virus-infected cell cultures (Fig. 3) . From 6 to 16 h p.i., the RNA pattern generated by both viruses remained at approximately the same level; at 25 h p.i., both RNA patterns had degenerated. The ratio of RNA 6(M) versus RNA 7(N) derived from the PP3 virus was less than that derived from the SP virus, and the amount of mRNA 8 was reduced in SP virus-infected cells (see Fig. 5C ). The Mapping a deletion in SP virus. To define the differences between the PP3 and SP viruses observed above, we focused on the region in the vicinity of the transcription signal for mRNAs 3 and 4. Probes were generated by progressively shortening the pRP3 probe at the 3' end. Four probes, AF180, F180, B180, and F120 (Fig. 4B) , were used in Si nuclease protection experiments with SP virus mRNAs. Essentially, all of the protected bands would be derived from full-length RNA 1, RNA 2(S), and RNA A4. We predicted that the 5' ends of the probes would give protected bands of a constant size, whereas the 3' ends of the probes would give variably sized protected bands. As expected (Fig. 4A) (Fig. 5A) . Probe pRP1 contains the 3' 930 nt of the polymerase gene and the 5' three-quarters of the S gene and overlaps probe RP3 by 72 nucleotides. The entire lengths of both the PP3 and SP RNAs were protected by all three probes (Fig. SB) . In addition, the sizes of the PP3 and SP genomic RNA and RNA 2 (S) were indistinguishable by Northern blot analysis (Fig. 5C ). These results indicate that there is no significant difference in the mRNA 2(S) peplomer gene of PP3 and SP viruses and that no large differences occur in the unique region of RNA 1 encoding the polymerase gene(s).
Intergenic recognition sequences for the transcription of mRNAs 3 and 4 are deleted in SP virus. The approximately 450-nt deletion deduced by Si mapping indicated that the complete ORF A (unique region of mRNA 3) and the 5' one-fifth of ORF B have been deleted from the SP virus genome (Fig. 4) . A question arises as to whether a consensus transcription initiation sequence is present (possibly from 5' of ORF A) and functions as the transcriptional initiation signal for the SP mRNA A4. To investigate this possibility, cDNA clones that contained the deletion of SP virus genome were isolated and sequenced. The nucleotide sequences of the PP3 and SP viruses were aligned and compared (Fig. 6 ). The SP virus had a 462-nt deletion, which is in close agreement with the Si experiment estimates. Also, SP RNA contained a 16-nt insertion in the noncoding region immediately 5 end of the Pol gene, and the relative positions and sizes of plasmid RP1 and subclones Hpa and XE. (B) S1 nuclease fragments protected with runoff transcripts generated with pRP1, pHpa, and pXE were analyzed on a 1% agarose gel after glyoxal-dimethyl sulfoxide treatment and heat denaturation. suspect that this 16-nt deletion occurred during the propagation of the parent Miller virus in culture to generate the PP3 virus.
In all coronaviruses studied to date, the unique 5'-end sequences of genomic-length RNA 1 encode one or two viral RNA-dependent RNA polymerases for the synthesis of viral RNAs. For the prototype coronavirus, infectious bronchitis virus which has been completely sequenced, the 5' portion of the genome is occupied by two large ORFs encoding two putative polymerases (2 
